Effects of flavonoid mixtures on the transport of 2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) through Caco-2 monolayers: an in vitro and kinetic modeling approach to predict the combined effects on transporter inhibition.
This study describes and kinetically models the effect of flavonoid mixtures on PhIP transport through Caco-2 monolayers. Previously it was shown that quercetin, luteolin, naringenin and myricetin increase the apical to basolateral PhIP transport in Caco-2 monolayers. In this study, apigenin was shown to exert a similar effect with an apparent K(i) value of 10.8 microM. Additional experiments revealed that several binary flavonoid mixtures and one mixture containing all five model flavonoids increased the apical to basolateral PhIP transport through the Caco-2 monolayer. Assuming competitive inhibition of the apparent active transporter by the flavonoids and concentration-additivity for their inhibiting effect, the kinetic model previously developed to describe the effect of the individual flavonoids on PhIP transport, could be extended and adequately describes the experimental values obtained for the flavonoid mixtures. We conclude that combinations of flavonoids increase the transport of PhIP and do so by interacting in an additive way with the active transport of PhIP. This flavonoid-mediated increase in PhIP transport through Caco-2 monolayers may point at a possible increased bioavailability of PhIP in the presence of flavonoid mixtures in the in vivo situation. This would imply an adverse effect of these supposed beneficial food ingredients.